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INTRODUCTION

Continued growth of a malignant tumor beyond a certain critical size is dependent on the
development of a network of feeder blood vessels (1,2). This "angiogenic switch" is
highly-dependent on the temporally-regulated and focalized activity of several extracellular
proteases and protease inhibitors involving members of both the plasmin-based and
metalloproteinase cascades (3,4). In vitro analysis of the requirements for the formation of
endothelial tubular networks in various culture model systems implicated both urokinase
plasminogen activator (uPA) and its fast-acting type-i inhibitor (PAl-l) as necessary to achieve
complete angiogenesis, consistent with the "balanced proteolysis" concept of endothelial cell
migration (5-7). Recent data in mice genetically-engineered to be deficient in expression of genes
that encode specific elements of the plasmin activation system has confirmed, in fact, the critical
importance of PAI-1 synthesis in tumor-induced angiogenesis (5-7). Indeed, the absence of host
PAl-M completely inhibited local invasion and vascularization of transplanted malignant tumors in
PAI-1 null mice (5,6). This inability to mount an angiogenic response, moreover, prevented
invasive growth by a highly aggressive and metastatic tumor type (5,6).

Breast tumors with elevated PAl-I levels are particularly fast-growing carcinomas with a
well-developed angiogenic network, a significant incidence of metastatic spread, early recurrence
and poor prognosis (8, reviewed in 9). PAL-1 as a determinant in aggressive growth behavior is
specifically important in the progression of mammary carcinoma. Most recently, PAI-I has been
shown to be markedly promigratory for invasive breast cancer cells, an effect attenuated by direct
inhibition of PAM- function (10). Targeted knockout/reconstitution studies, moreover, identified
PAl-I as essential for, and an efficient modulator of, the neovascularization process. Recent
findings, in fact, support a multifunctional role for PAI-1 in angiogenesis (e.g., this uPA inhibitor
regulates stromal barrier proteolysis, facilitates endothelial cell migration by focalized exposure of
cryptic matrix-binding sites, stabilizes nascent vessel structure and controls cell-to-matrix
adhesion/de-adhesion). Analyses of systems that model specific stages in angiogenesis have
disclosed that PA-I- can exert potent pro- and anti-angiogenic effects depending on the context
and the concentration (as well as specific activity) of this SERPIN (srine protease inhibitor) in the
tissue microenvironment. These data highlight the potential relevance of PAI-I modulation as a
means to treat human breast cancer and complement our own work on genetic targeting of PAI-1
mRNA transcripts with subsequent attenuation of cellular motile traits (11-13).

The goals of this investigation were to determine, for the first time, the level of endothelial cell
PAI-I expression necessary for development and maintenance of the angiogenic phenotype in a
3-D culture model of breast tumor-stromal-endothelial cell interactions that mimics the in vivo
disease state. Gene therapy approaches using antisense vector constructs as well as homologous
recombination methods previously developed in this laboratory were utilized to directly disrupt
PAI-I gene expression in cultured endothelial cells. The consequences of this targeted disruption
on the ability of endothelial cells to form branching angiogenic networks in response to co-culture
with human breast cancer cells or identified breast cancer-derived factors was evaluated. This
study constitutes the first comprehensive assessment of PAI-I genetic therapy as an approach to
inhibit growth of human breast cancers by targeting a gene essential for the angiogenic process.
We also took this opportunity to assess mechanisms of PAM- gene expression control under
culture conditions that closely mimic the optimal angiogenic response in vivo.



BODY

The work carried out during the period of this grant focused on three specific aims:

Task L To quantify the consequences of PAI-I down-regulation (by antisense targeting) on the
angiogenic response and the effects of vector-driven PAI-I synthesis on human breast
tumor-induced angiogenesis in endothelial cells (including PAI-I-null cells, a clone in which the
endogenous PAl-I gene was disrupted by molecular targeting). This phase of the work was
necessary to determine the threshold level of PAI-I expression required for cultured endothelial
cells to undergo a switch to an angiogenic phenotype and involved the following:

a. development of a panel of endogenous PAI- I-null endothelial cells which synthesize differing
levels of exogenous (vector-driven) PAI-I mRNA and protein upon transfection with a
constitutively active (CMV promoter-based) PAI- 1 expression construct. This panel
complements cells in which PAM-I synthesis was disrupted using antisense expression vectors.

b. correlate levels of PAI-I expression for each transfectant PAI-1-null-derived endothelial cell
line with the extent of the angiogenic response (i.e., ability to form branched tubular networks
and migrate over planar surfaces) induced by co-culture with human breast tumor cells and/or
tumor-derived angiogenic stimuli (i.e., secreted growth factors).

Task 2. To determine the consequences of molecular genetic down-regulation of endogenous
PAI-I gene expression on the ability of endothelial cells to form branching angiogenic networks
upon co-culture with human breast carcinoma cells as well as to migrate through matrix barriers in
response to tumor-derived angiogenic stimuli. This is necessary to assess the extent to which
endogenous PAI-I gene expression is susceptible to genetic manipulation and the window of
down-regulation required to achieve a defined and quantifiable therapeutic result (i.e., a reduction
in, or loss of, the angiogenic response). The mechanism of PAI-I gene regulation was also
addressed using culture conditions and identified growth factors that predispose to development of
an optimal angiogenic response.

Task 3. To evaluate the therapeutic usefulness of endothelial cell-specific targeting of
anti-angiogenic expression vector constructs in the human breast carcinoma-stimulated co-culture
model of induced angiogenesis.

Experimental findings.

Endothelial cell migration and capillary sprouting requires proteolysis. Studies in mice
deficient in elements in the plasmin activation cascade confirmed the importance of uPA, PAI-I
and plasmin in cell migration (13). Excessive protease activity as typically evident in chronic
wounds, however, prevents the coordinated assembly of endothelial cells into capillary structures
highlighting the requirement for an appropriate proteolytic "balance" in tubular network
formation. Genetic studies in vivo, moreover, have implicated PAI-I as an important regulator of
this balance. These data have been reviewed in our recent publication (13) (appended). Indeed,
orienting experiments confirmed that PAI-I is expressed specifically in angiogenic "cords" and
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migrating endothelial cells (Figure 1).

r

PAl- I

Figure 1. Identification of PAl-l-expressing endothelial cells in outgrowth culture. Human saphenous vein
endothelial cells migrate into a fibrin gel within 2 weeks after placement of vein "rings" into a fibrin matrix (left
panel). The original ring is at the upper right. Cells that migrate out of the vein segment express PAI-I (upper right
panel). Substitution of pre-immune rabbit serum in place of PAI-I antibodies resulted in loss of immunoreactivity
(Control, lower right panel). Unlike the obvious expression of PAI- I by endothelial elements locomoting through the
fibrin gel, the residual endothelium in the explant was PAT-i-negative.

Once it was established that PAM-I synthesis was part of the angiogenic program, we created
functional PAl-I "knockout" cells using T2 cells as the parental strain by transfection of a PAl-I
antisense expression vector (10,11) to assess the role of this serine protease inhibitor in the
angiogenic process. While wild-type T2 cells formed tubular networks when placed in culture
over a Matrigel substrate and expressed high levels of PAI-I mRNA, antisense vector-
transfectants did not exhibit an angiogenic response (Figure 2). Northern blot analysis confirmed
that the T2/IAP antisense cell line did not express PAI-I transcripts (Figure 2) and that the
down-regulation of expression achieved was, at the protein level, specific for PAM-I (Figure 3). A
similar approach was used to create the PAl-I functionally-null cell line 4HH (12). While
wild-type T2 cells were capable of forming extensively branched capillary networks in a complex
3-D gel consisting of a 3:1 mixture of Vitrogen-Matrigel, 4HH cells were incapable of lattice
formation and effectively degraded the gel scaffold (Figure 3).

Since these data provided proof of principle (i.e., that inhibition of PAIM ablated in vitro
angiogenesis), we derived a stable PAM-I-null T2 cell line by molecularly-disrupting the
endogenous gene with a targeting vector. The resulting cell line (T2-null) similarly failed to form
branched angiogenic networks in vitro. T2-null cells were subsequently transfected with the
PAI-I sense expression vector Rc/CMVPAl (8,9) and four neomycin (G4418)-resistant cell lines
were derived that varied in the level of vector-driven PAI-1 transcript expression and migratory
ability (Table 1). Unlike T2 cells (or the related 4HH cell line) where PAM- 1 expression is ablated
by antisense PAL- 1 (9), antisense c-fos (10) constructs or by targeted gene disruption and which are
poorly motile and non-angiogenic (Table 1), vector-mediated PAM-I "rescue" restored (to varying
extents) cellular motile ability. The data presented in Figures 2 and 3 as well as in Table 1
implicate PAI-I as an important element in the cellular motile process. To further evaluate the role
of PAl-I in various endothelial cell functions (i.e., matrix adhesion, motility, tubulogenesis), two
endothelial cell lines (T2-WT, HMEC-1) were used in experiments to: (a) specifically attenuate
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PAL-i synthesis by transfection with the Rc/CMVIAP vector (as above), followed by attempts to
"rescue" endothelial function by addition of exogenous active PAI-I protein, or (b) inhibit PAl-I
activity with a neutralizing antibody. Genetically-targeted PAI-I down-regulation with the
antisense approach effectively inhibited T2 cell migration (as in Table 1) and this motile deficit
could be rescued by addition of active PAI-I protein; a similar rescue was evident in the PAI-I -

V IAP

9-PAI-I

-A-50

Figure 2. Capillary formation on Matrigel requires migration. T2 cells were stably transfected with the "empty"
Rc/CMV vector (V) or vector bearing a full-length PAl-M cDNA insert in antisense configuration (LAP) (as in Figure
2). Northern analysis indicated that control T2 cells or T2N cells expressed abundant PAI-I transcripts (left panel)
and formed well-developed highly-branched tubular structures with luminal spaces within 48 hours after plating onto
hydrated Matrigel-coated surfaces (middle panel). T2JIAP transfectants, in contrast, had significantly reduced PA-I-
mRNA levels (left panel) and failed migrate and coalesce into a defined capillary network. T2/IAP cells remained
either as single cells (without any evidence of an associated migratory track) or formed small multicellular aggregates
(right panel).

'7..

Figure 3. Targeted down-regulation of PAl-I synthesis inhibits in vitro tubulogenesis. Construction of Rc/CMV
plasmid vectors that drive expression of a full-length PAI-M cDNA insert, cloned in sense (PAI) and antisense (TAP)
orientations, under control of a CMV promoter (left panel). The black fill-in region corresponds to the PAI-I cDNA
inset. EC-1 parental cells were transfected with the Rc/CMVTAP vector and stable clones derived. To assess the
success of Rc/CMVIAP driven down-regulation of PAMl synthesis and matrix accumulation, saponin-extracts of
"35S-methionine-labeled cells were separated by gel electrophoresis and proteins visualized by fluorography (middle
panel). One derivative (4HH) did not express detectable PAl-I protein nor accumulate PAI-1 in the matrix (middle
panel). Cells transfected with Rc/CMV vector without insert expressed levels of PAI-1 similar to that of EC-1
controls. Wild-type T2 cells (top right panel) formed highly-branched and anastomizing capillary networks when
suspended in a complex support matrix consisting of a 3:1 mixture of Vitrogen-Matrigel. Many of these tubular
processes had clearly evident lumens. Extensive sprout formation was evident at the tips of T2 branches, moreover,
indicative of both invasive and differentiated compartments. PA-I-/" 4HH cells (bottom right panel), in contrast,
failed to construct stable tubular structures and extensively degraded the gel matrix.
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Table 1. Effect of PAl-W expression targeting and vector "rescue" on cell motility using

a quantifiable assay of planar locomotion'

Cell Line Method of PA-I Expression Regulation Relative Motilityb

T2 None (wild-type) 100
T2/IAP Rc/CMVIAP transfection 40 ± 8
T2-null Targeted disruption vector 37 + 5
T2-nullRl Rc/CMVPAI 56+4
T2-nullR2 Rc/CMVPAI 78 ± 9
T2-nullR3 Rc/CMVPAI 93 ± 7
T2-nullR4 Rc/CMVPAI 49 ± 3

a Wounds were created by pushing the narrow end of a sterile P1000 plastic pipette tip (Continental Laboratory

Products, San Diego, CA) through the monolayer. Cultures were incubated in the existing media for times indicated in
the text. Wound closure was assessed by time-lapse photomicroscopy and injury repair rates calculated, as a function
of time, from measurements made utilizing an inverted microscope fitted with a calibrated ocular grid.

b Relative motility = distance migrated in 24 hours compared to wild-type T2 cells.

functionally-null 4HH cell line (Figure 4). Use of PAI- 1 neutralizing antibodies similarly
attenuated T2 cell locomotion and also promoted substrate detachment of both T2 and HMEC-1
cells. PAI-I activity was required for endothelial tubulogenesis on Matrigel surfaces as addition of
neutralizing antibodies blocked cellular coalescence into tubular networks. This effect is
consistent with the block in tubulogenesis attained by Rc/CMVIAP transfection (Figures 2 and 3)

I

24

EC-I Milt

60

50 *.PAJ-1

~20
10

Figure 4. Effect of targeted PAI-I ablation on migration of EC-I cells and the PAI-1 functionally-null, EC-l-derived,
4HH cell line (top panel). The deficient motility typical of 4HH cells reflected a failure to synthesize de novo PAl-I
protein, as a consequence of constitutive expression of PAI-I antisense transcripts, compared to parental EC- I or
Rc/CMV empty vector-transfected EC-1 contols (insert in top panel). Wound closure in 4HH cultures increased
significantly following addition of active PAI-I (lIpg/ml) (bottom panel). PAI-I-augmented motility was effectively
ablated by co-incubation of PAI-1 with neutralizing PAM-I antibodies prior to addition to wounded 4HH monolayers.
Data plotted is the mean+s.d. of 15 individual measurements on duplicate cell cultures.
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but, more specifically, implicate PAI- 1 activity as required for tube formation. Importantly, the
integrity of capillary networks formed by both WT-T2 and HMEC- I endothelial cells was
disrupted by addition of neutralizing PAI-I antibodies suggesting that continued PAI-I synthesis,
even in "mature" tubes, was required for network stability. Indeed, recent findings (14) support a
model whereby continued PAI-I synthesis by "mature" tubular networks is required to prevent
plasmin-dependent capillary regression and our results are confirmatory of this suggestion. These
data are reviewed in the appended paper by Kutz and Higgins (2004). Collectively, these data
indicate that PAI-I expression is an essential and targetable aspect of a successfil angiogenic
response in vitro. The results presented in this Final Report, therefore, support our hypothesis that
therapies directed at perturbation of PAI-I synthesis or function in developing as well as mature
angiogenic network structures may have significant benefit in the management of human breast
tumors.

While 12 cells formed tubular structures in Matrigel culture, these networks were generally
unstable and regressed after 2-3 days. The long-term (i.e., > 1 week) maintenance of the
angiogenic response (complete with gel invasion, sprout formation from the lateral surface of the
tubular structures, formation of complex branching patterns in 3-D orientation and, most
importantly, maintenance of capillary network integrity) required co-culture with MDA-MB-231
human breast cells (as monolayers under the Matrigel overlays). A similar effect could be
achieved (albeit with varying efficiency) using MDA-MB-231 conditioned medium in place of
cells in the Matrigel culture. More importantly, the collagen-induced reorganization of endothelial
cell cultures into "pre-capillary" structures (i.e., the earliest recognizable tubular response) was
evident not only in 12 cells but also in primary rat aortic, bovine microvessel, human microvessel,
and human umbilical endothelial cells and was similarly augmented by conditioned medium from
human breast cancer cells. A variety of approaches (neutralizing antibodies to cytokines,
pharmacologic inhibitors of signal transduction pathways) were used to identify the "active"
angiogenic component elaborated by the human breast cancer cells. TGF-PlI was found to be
essential to long-term maintenance of the tubular structures in both T2 and HMEC-1 cells since
addition of neutralizing antibodies to MDA-MB-231 conditioned medium before addition to
Matrigel cultures attenuated network stability and promoted tubular regression. More importantly,
use of the EGF receptor inhibitor AG1478 also significantly reduced network stability suggesting
that TGF-P 1 and EGF ligands cooperate to maintain the long-term integrity of angiogenic
networks that form in response to stimuli produced by human breast cancer cells. Since our data
indicate that PAI-I was a critical element in angiogenesis, it was important to determine if TGF-P I
actually induced EGF receptor activation (i.e., phosphorylation) and whether receptor activation
was required for TGF-3 1 -induced PAI-I expression. Indeed, TGF-3 1 effectively stimulated EGF
receptor activation (Figure 5) and pharmacologic inhibition of this receptor completely blocked
PAI-I gene expression (Figure 6) as well as growth factor- induced cell migration (Figure 7). We
are currently evaluating whether this same requirement governs the angiogenic response in
primary endothelial cells.

We had established that cell migration (i.e., one essential aspect of the angiogenic switch) was a
sufficient stimulus to activate PAI-I expression in previously quiescent monolayers and that
induced expression required binding of the bHLH-LZ transcription factor USF-1 to an E box motif
in the PAI-I promoter (these data are detailed in the three appended papers: Providence et al, 2002;
Qi and Higgins, 2003; Allen et al, 2004). Most recently, culture of endothelial cells under optimal
angiogenic conditions (i.e., in Matrigel using medium supplemented with FBS and TGF-P3 1),
resulting in long-term maintenance of the formed capillary network, was determined to require
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Figure 5. Activation of the EGFR by TGF-j31. Immunocytochemistry using antibodies specific for the activated
form of the EGFR (clone 74) confirmed a relatively low level of receptor activation in quiescent (Q) cells (A).
Exposure to individual growth factors (EGF, TGF-3 1) resulted in a significant increase in fluorescence intensity and
perinuclear EGFR accumulation (indicative of increased receptor internalization). The fraction of TGF-P3 1-treated
cells that exhibited increased EGFR internalization (i.e., "activated" EGFR) was approximately comparable to that of
EGF-stimulated cells; this induction was inhibited by AG1478 pretreatment (B). Data plotted (B) represent the
mean+s.d. of triplicate experiments. Western analysis of EGFR activation (by immunoreactivity with clone 74
antibodies) indicated that phosphorylation of the 170 kDa EGFR in TGF-31 -stimulated cultures was
AG1478-sensitive (B). AG = AG1478 (2.5 WM); T = TGF-031.

9
EGF + + + + -

AG1478(pl) - - 0.5 1 2.5 2.5 C

PAl-l-
A

ERK2- U

TGF-01 - + + + + + + - A.ll
AG1478 (5tM) - - 0.1 0.5 1 2.5 10 10

B PA-- 1

ERK2-
0 ..... .... ....... . . .

Figure 6. EGF- and TGF-031-induced PAI-i protein expression is attenuated by pretreatment with the EGFR
inhibitor AG1478. Following serum-deprivation, near-confluent quiescent R22 cell cultures were exposed to
increasing concentrations of AG1478 (as indicated) for 30 minutes prior to a 6-hour incubation with either EGF (10
ng/ml) or TGF- 1I (I ng/ml). Cell extracts were separated by electrophoresis and PAl-I protein levels assessed by
western blotting. As expected, AG 1478 effectively suppressed EGF-induced PAI-I expression (A).
TGF-P I-stimulated PAl-I expression was similarly sensitive to AG 1478 pretreatment (with complete ablation of
PAl-I induction at AG 1478 concentrations >I pWM), suggesting the involvement of EGFR signaling in
TGF-P I-mediated PAI-I synthesis (B). Histogram (C) represents the summary (mean+s.d.) of triplicate experiments
normalized to cellular ERK2 levels. AG = AG 1478 (numbers indicate concentration in riM); T = TGF-13 1.
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Figure 7. TGF-031-stimulated cell motility is attenuated by pretreatment with AG1478. Pretreatment with the
EGFR inhibitor AG1478 reduced scrape-stimulated cell migration to that approximating basal motility. Histogram
represents mean+s.d. of triplicate experiments. AG = AG1478.
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Figure 8. Dominant-negative USF-1 (USF-IA) attenuates TGF-031-induced PAi-I protein expression and
barrier invasion. USF-I was confirmed to be an endogenous PAI-I promoter PE2 region DNA-binding factor by
chromatin immunoprecipitation using antibodies to USF-I (A). Controls included addition of sonicated cellular DNA
but without immunoprecipitation (input DNA), addition of PAI- I p806-Luc DNA as a control template for PCR
(template DNA) and PCR reaction mixtures with H20 in place of DNA (-DNA). L = sizing ladder. To evaluate the
effects of molecular genetic interference with USF function, RK cells were untransfected or transfected with
CMV-driven WT USF-I or CMV-driven dominant-negative USF-IA. Whole cell lysates from quiescent cultures or
cells stimulated with 20% FBS or 1 ng/ml TGF-031 were collected, separated on 9% SDS-PAGE, proteins transferred,
and blots probed with anti-rat PAI-I antibody (B). Transfers were reprobed with antibodies to ERK 1/2 to assess
protein loading. Invasion of RK cells expressing either WT (USF-1) or dominant-negative (USF- I A) expression
constructs was compared ± TGF-0 I (C). Data in (C) specifically represent TGF-0 I-induced fold-invasion of
Matrigel-coated barriers (i.e., TGF-P 1-associated invasion/untreated controls); histogram represents mean+standard
error from 8 migration evaluations. Approximately 60% of the cells used in invasion assays were anti-HA positive
(i.e., 60% transfection efficiency). Only 5% of cells that invaded the Matrigel barrier, in contrast, stained positively
with the HA antibody indicating that the majority of USF-IA-expressing cells were non-invasive.
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continued PAl-I synthesis (Kutz and Higgins, in preparation) likely to prevent tubular regression
(14). Such PAW-I expression was both USF-l-dependent and inhibited by exposure to AG1478.
Most importantly, and a critical aspect of the work directed to Task 2, we demonstrated that
targeted down-regulation of TGF-P31-induced PAL-I expression using a dominant-negative
USF- 1 A construct effectively attenuated matrix barrier invasion in response to TGF-P 1 (Figure
8). We are presently evaluating the ability of both dominant-negative USF-1A and PAl-I antisense
expression vectors to similarly inhibit TGF-13 1-induced barrier invasion by transfected primary

HB-EGF TGF-01
-- TGFat

HePlasma
Membrane

EGFR TGF-BR

AG14781

DN-Src pp60c-=-- PP1

PD98059-- MEK I U0126

ERK1/2

D// N-USF-1A-jUSF-1Nuls

__CACGTG ]

F-- CMVIAP

• * ~ ~Plasma
Membrane

PAI-I - - Neutralizing Ab

PAl-I -Dependent
Capillary Stabilization

ECM Remodeling Cell Migration

Figure 9. Schematic illustration of factors that regulate PAW-I expression and function in response to TGF-PU
stimulation. TGF- I initiates a kinase cascade, at least partly as a function of EGFR activation (either through
release of appropriate ligands or direct receptor tradnsactivation), that involves participation of MEK and ERK 1/2.
Pharmacologic intervention, use of dominant-negative constructs and kinase assays suggest that pp6O'c is upstream
of MEK and ERKI/2 in this model. Activated ERKs are thought to target nuclear bHLH-LZ transcription factors
including members of the USF family that, once phosphorylated, bind as dimers to E box (5'-CACGTG-3') motifs in
the PAI-I promoter. E box site occupancy relieves PAI-I transcriptional repression characteristic of the quiescent
state. Expression attenuation and inhibition of PAI-I synthesis can be achieved by transfection of DN-USF- I or
PAI-i antisense (CMVIAP) expression vectors. Addition of PAI-I neutralizing antibodies, in turn, effectively
modulates PAI-I-dependent, uPA- and/or plasmin-mediated, matrix remodeling as well as cellular motility.
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endothelial cells of human and rodent origin. Collectively, the work carried out during the tenure
of this grant have led us to construct an overall model of PAI-I gene expression control by breast
cancer-derived promigratory growth factors such as TGF-31 that involves an EGF inductive loop
(Figure 9). These data are consistent with known molecular events associated with tumor
progression in the breast and other organ sites (Figure 10).

Normal Initiated Cell Papilloma Metastatic
Epithelium 14DTumtor

Initatin Evnts Progression EventsInitiation Events

[oR Atiation Loss of Cell TGF-13 [II
Cycle Control Expression

,• ------ " Epidermal Growth Factor
S~Receptor Amplification

Figure 10. Molecular events associated with breast tumor progression. In experimental models of breast cancer,
Ha-ras activation results in the emergence of initiated epithelial cells that ultimately progress (through loss of cell
cycle control elements) to benign lesions. Elevated autocrine/paracrine expression of TGF-P3 1, and/or amplification of
the epidermal growth factor receptor, is frequently associated with progression to an aggressive, high-level PAI- I
synthesizing, metastatic phenotype.

Experiments were initiated to evaluate if replacement of the CMV promoter element in the
current PAI-1 antisense Rc/CMVIAP construct with endothelial cell-specific transcriptional
control elements (derived from the fit-I and VE-cadherin promoters) conferred
endothelial-specific PAl-I gene control. Primers were designed to amplify regions of both the
fit-I and VE-cadherin promoter regions for substitution cloning into Rc/CMVIAP. One initial
VE-cadherin-IAP candidate clone was selected for transfection into both endothelial (HMEC-1)
an non-endothelial (HaCaT) cells. Preliminary findings suggest that a VE-cadherin-driven IAP
construct was expressed at high levels in HMEC-1 cells but not (or at least at very low levels
relatively) HaCaT transfectants. We plan to continue these studies with one goal being to submit a
new USAMRMC research grant utilizing these preliminary data as supporting evidence that
endothelial-specific targeting of antisense PAI-1 transcripts will have therapeutic application.

KEY RESEARCH ACCOMPLISHMENTS

The key accomplishments achieved during the grant period are as follows:

1. Confirmed that targeted ablation of endothelial cell PAI-1 gene expression, using antisense
expression vectors (Rc/CMVIAP) resulted in marked inhibition of cell motility and an
inability to form angiogenic networks on Matrigel-coated surfaces.
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2. Developed transfection techniques to introduce sense PAI-I expression vectors
(Rc/CMVPAI) into endothelial cells in which the PAI-I gene was disrupted by
homologous recombination (T2-null) to assess the effects of expression "rescue" on cell
motility.

3. Created 4 such rescued cell lines (T2-nullR1-4); each line exhibited unique patterns of
locomotion in the monolayer denudation injury model of induced cell motility that was
statistically different (Student's t-test) from the rate of migration characteristic of the
parental T2-null cells.

4. Addition of recombinant PAI-I to cultures of T2 endothelial cells with
genetically-attenuated PAM-1 levels restored their migratory rate to approximate that of
wild-type cells. Similar positive effects on the migration of the PAI-I functionally-null
4HH cell line was achieved by exogenous PAI-I supplementation. This approach to
motility assessments confirmed that PAM- is a critical element in the cellular migratory
program. These finding support the likelihood that the overall experimental strategy to
target PAI-I expression in tumor angiogenesis will result in the design of genetic
approaches that will have a defined therapeutic applicability.

5. Confirmatory results were obtained in the human microvessel endothelial cell line
HMEC-1 which validates findings in the well-characterized T2 and 4HH cell systems in
the context of human endothelial cells and tubulogenic differentiation.

6. Importantly, the integrity of capillary networks formed by both WT-T2 and HMEC-1
endothelial cells was disrupted by addition of neutralizing PAI-I antibodies suggesting that
continued PAI-I synthesis, even in "mature" tubes, was required for network stability.
Collectively, these data indicate that PAI-I expression is an essential and targetable aspect
of a successful angiogenic response in vitro.

7. TGF-P I and EGF ligands were determined to be important breast cancer-derived factors
that contributed to the long-term maintenance of formed angiogenic networks, induced
PAI-I gene expression and cell migratory ability.

1. Down-regulation of TGF-PI -induced PAI-I expression using a dominant-
negative USF-IA construct effectively attenuated growth factor-stimulated matrix barrier
invasion confirming our hypothesis that the PAI-I transcriptional control network
represents a potential therapeutic target for breast cancer treatment.

2. We have created a model that integrates our findings within the general context of human
breast cancer progression that details molecular events which contribute to PAI-I over-
expression resulting in matrix remodeling, induced cell invasivity, and angiogenic
capillary, stabilization. Collectively, these effects foster breast tumor progression and
metastatic spread.

3. Studies were initiated, and are presently ongoing, to develop vectors designed for
endothelial cell-specific expression of potentially therapeutically-useful constructs
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